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(57) A laser beam irradiation apparatus irradiates a
laser beam onto a sealing unit disposed between a first
substrate and a second substrate so as to seal the first
substrate and the second substrate. The laser beam has
a beam intensity which increases from a center portion
to an edge portion of the laser beam on a surface which

is perpendicular to a proceeding direction of the laser
beam. The beam intensity at the center portion of the
laser beam is half of the beam intensity at the edge portion
of the laser beam or less, and the laser beam has a beam
profile which is symmetrical relative to the proceeding
direction of the laser beam.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a laser beam
irradiation apparatus, a method of sealing a substrate,
and a method of manufacturing an organic light emitting
display device.

Description of the Related Art

[0002] Recently, display devices are being replaced
with portable, thin flat panel display devices. Among the
flat panel display devices, electroluminescent display de-
vices are self-emissive display devices which have a
wide viewing angle and an excellent contrast ratio, and
a high response speed, and thus are regarded as next-
generation display devices. Also, an organic light emitting
display device including an emission layer formed of an
organic material has excellent luminosity, driving voltage,
and response speed characteristics compared to inor-
ganic light emitting display devices, and may realize mul-
tiple colors.
[0003] Organic light emitting display devices have a
structure in which at least one organic layer including an
emission layer is interposed between two electrodes.
[0004] When water or oxygen from the outside pene-
trates through the organic light emitting display device,
an electrode material may be oxidized or exfoliation may
occur, and this may reduce the lifespan and light emitting
efficiency of the organic light emitting device, and light
emitting colors may be deteriorated.
[0005] Accordingly, when manufacturing an organic
light emitting display device, an organic light emitting de-
vice is usually sealed so as to isolate the organic light
emitting device from the outside and so that water does
not penetrate therein. Examples of the sealing process
include a method in which an inorganic thin film and an
organic polymer such as polyester (PET) are laminated
on a second electrode of an organic light emitting display
device, and a method in which an absorbent is formed
in an encapsulation substrate and nitrogen gas is filled
in the encapsulation substrate, and then a boundary of
the encapsulation substrate is sealed using a sealant
such as epoxy.
[0006] However, it is impossible to completely block
such elements as water or oxygen penetrating from the
outside, which destroy the organic light emitting device
which is sealed using the above methods, and thus the
methods cannot be applied to organic light emitting dis-
play devices which are particularly vulnerable to water,
and a process for realizing the methods is also compli-
cated. In order to solve these problems, a method in
which frit is used as a sealant to improve adhesive prop-
erties between a substrate of the organic light emitting
device and an encapsulation substrate has been de-

signed.
[0007] By sealing an organic light emitting display de-
vice by coating frit on a glass substrate, the substrate of
the organic light emitting device and the encapsulation
substrate are completely sealed, thereby effectively pro-
tecting the organic light emitting display device.
[0008] A substrate is sealed using frit by coating the
frit on a sealing unit of each of the organic light emitting
display devices, and irradiating a laser beam onto a seal-
ing unit of each of the organic light emitting display de-
vices by moving a laser beam irradiation apparatus to
irradiate the laser beam onto the sealing unit, thereby
hardening the frit and sealing the substrate. US
2009/0086325 discloses a method for sealing an OLED
using a beam shaper to shape a laser beam for melting
frit. It is disclosed that a preferred beam profile can be
constructed in which the power intensity is lower in the
centre of the laser beam and increases as you move from
the centre of the laser beam to the edge of the laser beam.
[0009] US 2006/0082298 discloses shaping a beam
for sealing an OLED by melting frit, and discloses a pre-
ferred intensity profile having a beam intensity which in-
creases from a centre portion to an edge portion.

SUMMARY OF THE INVENTION

[0010] The present invention provides a laser beam
irradiation apparatus including a beam profile for improv-
ing temperature uniformity of a frit cross-section, a meth-
od of sealing a substrate, and a method of manufacturing
an organic light emitting display device.
[0011] According to an aspect of the present invention,
a laser beam irradiation apparatus irradiates a laser
beam onto a sealing unit disposed between a first sub-
strate and a second substrate so as to seal the first sub-
strate and the second substrate, wherein the laser beam
has a beam intensity which increases from a center por-
tion to an edge portion of the laser beam on a surface
which is perpendicular to a proceeding direction of the
laser beam, and the beam intensity at the center portion
of the laser beam is half of the beam intensity at the edge
portion of the laser beam or less, and the laser beam has
a beam profile which is symmetrical relative to the pro-
ceeding direction of the laser beam.
[0012] The laser beam sequentially may include a first
section in which a beam intensity slowly increases from
a center portion to an edge portion of the laser beam and
a second section having a greater beam intensity in-
crease rate than the first section.
[0013] The laser beam may be symmetrical relative to
a surface which is parallel to a proceeding direction of
the laser beam.
[0014] An inflection point on a boundary between the
first section and the second section may be symmetrically
distributed with respect to the center portion of the laser
beam.
[0015] The laser beam may further include a third sec-
tion in which a beam intensity rapidly decreases, and
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which is disposed on an outer portion of the second sec-
tion.
[0016] The laser beam may further comprise a third
section in which a beam intensity is uniform, and which
is disposed on an outer portion of the second section.
[0017] The laser beam may be irradiated in the form
of a spot beam.
[0018] The laser beam may have a uniform beam in-
tensity on a surface which is parallel to the proceeding
direction of the laser beam.
[0019] An inflection point, which is at a boundary be-
tween the first section and the second section, may be
symmetrical on the surface which is perpendicular to the
proceeding direction of the laser beam.
[0020] An inflection point, which is at a boundary be-
tween the first section and the second section, may not
exist on the surface which is parallel to the proceeding
direction of the laser beam.
[0021] A cross-section of the laser beam may be rec-
tangular.
[0022] The laser beam on a surface which is parallel
to the proceeding direction of the laser beam may have
a different beam intensity increase rate relative to a beam
intensity increase rate of a beam profile on a surface
which is perpendicular to the proceeding direction of the
laser beam, and may have a beam profile which is sym-
metrical to a center of the laser beam overall.
[0023] The beam profile on the surface which is parallel
to the proceeding direction of the laser beam may have
a beam intensity which decreases from a center portion
to an edge portion of the laser beam.
[0024] A beam profile on the surface which is parallel
to the proceeding direction of the laser beam may have
a beam intensity which increases from a center portion
to an edge portion of the laser beam.
[0025] The laser beam may be irradiated in the form
of a spot beam.
[0026] According to another aspect of the present in-
vention, a method of sealing a substrate by irradiating a
laser beam onto a sealing unit disposed between a first
substrate and a second substrate comprises: forming a
sealing unit between the first substrate and the second
substrate; irradiating a laser beam onto the sealing unit,
wherein a beam intensity of the laser beam increases
from a center portion to an edge portion of the laser beam
on a surface which is perpendicular to a proceeding di-
rection of the laser beam, and a beam intensity in the
center portion of the laser beam is half of that at the edge
portion of the laser beam or less, and the laser beam has
a beam profile which is symmetrical to the proceeding
direction of the laser beam; and irradiating the laser beam
along a sealing line of the sealing unit.
[0027] A center portion of the laser beam may be fo-
cused on a center line of the sealing line, and the laser
beam may be scanned along the center line of the sealing
line so as to irradiate the laser beam.
[0028] A beam width (BW) of the laser beam may be
greater than a width of the sealing unit.

[0029] The width (BW) of the laser beam may be 4/3
to 2 times the width of the sealing unit.
[0030] The beam width (BW) of the laser beam may
be substantially the same as the width of the sealing unit.
[0031] A heat flux, which is an integration value of the
beam intensity of the laser beam which is scanned and
irradiated along a center line of the sealing line, with re-
spect to time, may be greater at an edge portion of the
sealing unit than at a center portion of the sealing unit.
[0032] The sealing unit may comprise a frit.
[0033] The laser beam may sequentially include a first
section in which a beam intensity slowly increases from
a center portion to an edge portion of the laser beam and
a second section having a greater beam intensity in-
crease rate than the first section.
[0034] The laser beam may be symmetrical relative to
a surface which is parallel to a proceeding direction of
the laser beam.
[0035] An inflection point at a boundary between the
first section and the second section may be symmetrically
distributed with respect to the center portion of the laser
beam.
[0036] The laser beam may further include a third sec-
tion which is disposed on an outer portion of the second
section, wherein a beam intensity rapidly decreases in
the third section.
[0037] The laser beam may further comprise a third
section which is disposed on an outer portion of the sec-
ond section, wherein a beam intensity is uniform in the
third section.
[0038] The laser beam may be irradiated onto the seal-
ing unit in the form of a spot beam along a sealing line.
[0039] The laser beam may have a uniform beam in-
tensity on the surface which is parallel to the proceeding
direction of the laser beam.
[0040] An inflection point, which is at a boundary be-
tween the first section and the second section, may be
distributed symmetrically relative to the surface which is
perpendicular to the proceeding direction of the laser
beam.
[0041] An inflection point, which is at a boundary be-
tween the first section and the second section, may not
exist on the surface which is parallel to the proceeding
direction of the laser beam.
[0042] A cross-section of the laser beam which is irra-
diated onto the sealing unit may be rectangular along the
sealing line.
[0043] The laser beam on a surface which is parallel
to the proceeding direction of the laser beam may have
a different beam intensity increase rate relative to a beam
intensity increase rate of a beam profile on a surface
which is perpendicular to the proceeding direction of the
laser beam, and may have a beam profile which is sym-
metrical relative to a center of the laser beam overall.
[0044] The beam profile on the surface which is parallel
to the proceeding direction of the laser beam may have
a beam intensity which decreases from a center portion
to an edge portion of the laser beam.
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[0045] A beam profile on the surface which is parallel
to the proceeding direction of the laser beam may have
a beam intensity which increases from a center portion
of the laser beam to an edge portion of the laser beam.
[0046] The laser beam may be irradiated onto the seal-
ing unit in the form of a spot beam along the sealing line.
[0047] According to another aspect of the present in-
vention, a method of manufacturing an organic light emit-
ting display device comprises: forming an organic light
emitting unit between a first substrate and a second sub-
strate; forming a sealing unit between the first and second
substrates so as to surround the organic light emitting
unit; aligning the first substrate and the second substrate;
irradiating a laser beam onto the sealing unit, wherein a
beam intensity increases from a center portion to an edge
portion of the laser beam on a surface which is perpen-
dicular to a proceeding direction of the laser beam, and
the beam intensity at the center portion of the laser beam
is half of the beam intensity at the edge portion of the
laser beam or less, and the laser beam has a beam profile
which is symmetrical relative to the proceeding direction
of the laser beam; and irradiating the laser beam along
a sealing line of the sealing unit.
[0048] After focusing the center portion of the laser
beam onto a center line of the sealing line, the laser beam
may be irradiated onto the center line of the sealing line
by scanning along the center line of the sealing line.
[0049] The organic light emitting unit may include at
least one organic light emitting device in which at least
one organic layer, including an emission layer, is inter-
posed between a first electrode and a second electrode.
[0050] The laser beam may sequentially include a first
section in which a beam intensity slowly increases from
a center portion to an edge portion of the beam and a
second section having a greater beam intensity increase
rate than the first section.
[0051] The laser beam may be symmetrical relative to
a surface which is parallel to the proceeding direction of
the laser beam.
[0052] The laser beam may have a uniform beam in-
tensity on a surface which is parallel to the proceeding
direction of the laser beam.
[0053] The laser beam on a surface which is parallel
to the proceeding direction of the laser beam may have
a different beam intensity increase rate relative to a beam
intensity increase rate of a beam profile on a surface
which is perpendicular to the proceeding direction of the
laser beam, and may have a beam profile which is sym-
metrical to a center of the laser beam overall.
[0054] The sealing unit may comprise a frit.
[0055] The frit may form a closed loop so as to surround
the organic light emitting unit.
[0056] Each edge of the closed loop may be a curve
having a predetermined curvature.
[0057] Each edge of the closed loop may be right-an-
gled.
[0058] At least some of the above and other features
are set out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] A more complete appreciation of the invention,
and many of the attendant advantages thereof, will be
readily apparent as the same becomes better understood
by reference to the following detailed description when
considered in conjunction with the accompanying draw-
ings, in which like reference symbols indicate the same
or similar components, wherein:

FIG. 1 is a cross-sectional view illustrating a method
of sealing a sealing unit of an organic light emitting
display device by using a laser beam irradiation ap-
paratus according to an embodiment of the present
invention;
FIG. 2 is a top view of the organic light emitting device
of FIG. 1;
FIG. 3 illustrates a Gaussian beam profile according
to a comparative example for comparison with a
beam profile which is irradiated from a laser beam
irradiation apparatus according to an embodiment
of the present invention;
FIG. 4 illustrates a temperature distribution accord-
ing to a cross-section of a frit when the Gaussian
beam profile of FIG. 3 is irradiated onto the frit of an
organic light emitting display device;
FIG. 5 illustrates a flat top beam profile which is a
second comparative example for comparison with a
beam profile which is irradiated from a laser beam
irradiation apparatus according to an embodiment
of the present invention;
FIG. 6 illustrates normalization of temperature dis-
tribution according to a cross-section of a frit within
an effective sealing width FWeff when the flat top
beam profile of FIG. 5 and the Gaussian beam profile
of FIG. 3 are irradiated onto the frit of the organic
light emitting display device;
FIG. 7 is a schematic view illustrating a beam profile
of a laser beam which is irradiated onto a frit of an
organic light emitting display device from a laser
beam irradiation apparatus according to an embod-
iment of the present invention;
FIG. 8 is a cross-sectional view illustrating a surface
(yz surface) of the beam profile of FIG. 7 which is
perpendicular to a proceeding direction of a laser
beam;
FIG. 9 is a cross-sectional view illustrating a surface
(xz surface) of the beam profile of FIG. 7 which is
parallel to a proceeding direction of a laser beam;
FIG. 10 is a top view of the beam profile of FIG. 7;
FIG. 11 is a schematic view illustrating a laser beam
profile according to a modified example of the
present invention;
FIG. 12 is a cross-sectional view of a surface (yz
surface) of the beam profile of FIG. 11 which is per-
pendicular to a proceeding direction of the laser
beam of FIG. 11;
FIG. 13 is a schematic view illustrating a laser beam
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profile according to another embodiment of the
present invention;
FIG. 14 is a cross-sectional view illustrating a surface
(yz surface) of the beam profile of FIG. 13 which is
perpendicular to a proceeding direction of the laser
beam of FIG. 13;
FIG. 15 is a graph of the normalization of temperature
distribution according to a cross-section of a frit when
laser beams having the beam profiles of FIGS. 7,
11, and 13 are irradiated onto the frit;
FIGS. 16 and 17 illustrate a variation of an area of
an inflection point for maintaining a temperature dif-
ference between a center portion and an edge por-
tion of a frit so as to be less than 15% within an
effective sealing width (FWeff) according to a varia-
tion of α;
FIG. 18 is a schematic view illustrating a beam profile
of a laser beam which is irradiated onto a frit of an
organic light emitting display device in a laser beam
irradiation apparatus according to another embodi-
ment of the present invention;
FIG. 19 is a cross-sectional view illustrating a surface
(yz surface) of the beam profile of FIG. 18 which is
perpendicular to a proceeding direction of a laser
beam;
FIG. 20 is a cross-sectional view illustrating a surface
(xz surface) of the beam profile of FIG. 18 which is
perpendicular to a proceeding direction of a laser
beam;
FIG. 21 is a top view of the beam profile of FIG. 18;
FIG. 22 is a graph showing the normalization of tem-
perature distribution according to a cross-section of
a frit when a laser beam having the beam profile of
FIG. 18 is irradiated onto the frit, wherein a length of
the laser beam is varied;
FIG. 23 illustrates an area in which an inflection point
may exist for maintaining a temperature difference
between a center portion and an edge portion of a
frit so as to be less than 15% within an effective seal-
ing width (FWeff);
FIG. 24 is a schematic view illustrating a beam profile
of a laser beam which is irradiated onto a frit of an
organic light emitting display device in a laser beam
irradiation apparatus according to another embodi-
ment of the present invention;
FIG. 25 is a cross-sectional view of a surface (yz
surface) of the beam profile of FIG. 24 which is per-
pendicular to a proceeding direction of the laser
beam;
FIG. 26 is a cross-sectional view of a surface (xz
surface) of the beam profile of FIG. 24 which is par-
allel to a proceeding direction of the laser beam;
FIG. 27 is a top view illustrating the beam profile of
FIG. 24;
FIG. 28 is a graph showing the normalization of tem-
perature distribution according to a cross-section of
a frit when a laser beam having the beam profile of
FIG. 24 is irradiated onto the frit;

FIG. 29 is a graph showing areas where the shape
of the beam profile varies according to a relationship
between α and 1/δ;
FIG. 30 is a graph illustrating an example satisfying
an inequality of δ < 1/α, and FIG. 31 is a graph illus-
trating an example satisfying an inequality of δ > 1/α;
and
FIGS. 32 thru 34 illustrate areas of an inflection point
for maintaining a temperature difference between a
center portion and an edge portion of a frit so as to
be less than 15% within effective sealing widths of
a laser beam which satisfies an inequality of δ < 1/α
and a laser beam which satisfies an inequality of δ
> 1/α according to various scanning speeds of the
laser beam.

DETAILED DESCRIPTION OF THE INVENTION

[0060] The present invention will now be described
more fully with reference to the accompanying drawings,
in which embodiments of the invention are shown.
[0061] FIG. 1 is a cross-sectional view illustrating a
method of sealing a sealing unit of an organic light emit-
ting display device by using a laser beam irradiation ap-
paratus according to an embodiment of the present in-
vention, while FIG. 2 is a top view of the organic light
emitting device of FIG. 1.
[0062] Referring to FIGS. 1 and 2, an organic light emit-
ting unit 130 and a sealing unit 140 which surrounds the
organic light emitting unit 130 are disposed between a
first substrate 110 and a second substrate 120, and a
laser beam 160 irradiated from a laser beam irradiation
apparatus 150 is irradiated onto the sealing unit 140.
[0063] The organic light emitting unit 130 is formed on
the first substrate 110. The first substrate 110 may be a
glass substrate.
[0064] The second substrate 120 is an encapsulation
substrate which encapsulates the organic light emitting
unit 130 formed on the first substrate 110, and through
which a laser beam to be described later may be trans-
mitted. The second substrate 120 may preferably be a
glass substrate.
[0065] The organic light emitting unit 130 includes at
least one organic light emitting device (OLED) (not
shown) in which at least one organic layer (not shown)
including an emission layer is interposed between a first
electrode (not shown) and a second electrode (not
shown). The first electrode (not shown) and the second
electrode (not shown) may function as an anode for in-
jecting holes and a cathode for injecting electrons, re-
spectively.
[0066] The OLED (not shown) may be classified as a
passive matrix (PM) OLED or an active matrix (AM)
OLED according to whether the OLED is driven using a
thin film transistor (TFT) or not. According to the current
embodiment of the present invention, both the PM type
and AM type OLED may be used.
[0067] The sealing unit 140 is disposed on the second
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substrate 120 so as to surround the above-described or-
ganic light emitting unit 130.
[0068] The sealing unit 140 may be a closed loop in
order to prevent contact between the organic light emit-
ting unit 130 and water or oxygen from the outside.
[0069] Edges of the sealing unit 140 forming the closed
loop in FIG. 2 are curved with a predetermined curvature
but the current embodiment of the present invention is
not limited thereto. That is, the edges of the sealing unit
14 may be right-angled without any curvature.
[0070] When each of the edges of the sealing unit 140
has a predetermined curvature, a head (not shown) in-
cluding an optical system (not shown) of the laser beam
irradiation apparatus 150 may be directly and continu-
ously scanned along a sealing line including the edges
of the sealing unit 140, thereby irradiating a laser beam
160.
[0071] When the edges of the sealing unit 140 are right-
angled, the head (not shown) of the laser beam irradiation
apparatus 150 may be scanned along a first edge of the
sealing unit 140 in a first direction so as to irradiate the
laser beam 160, and a stage under the first substrate
110, which is not illustrated in FIG. 1, is also rotated by
90 degrees. When the stage rotates, the first substrate
110 and the second substrate 120 are also rotated with
the stage. After rotating the stage, the laser beam 160 is
scanned and irradiated in the above-described first di-
rection, and thus the laser beam 160 is irradiated onto a
second edge of the sealing unit 140. The sealing unit 140
may be sealed by irradiating the laser beam 160 while
rotating the stage (not shown) in the above-described
manner.
[0072] According to the current embodiment, the seal-
ing unit 140 is formed of a frit so as to provide tightness
between the first substrate 110 and the second substrate
120 and so as to effectively protect the organic light emit-
ting unit 130. The frit is formed so as to have a predeter-
mined frit width (FW) by using various methods, such as
a screen printing method or a pen dispensing method.
[0073] According to the current embodiment, the seal-
ing unit 140 is formed on the second substrate 120, and
the organic light emitting unit 130 is formed on the first
substrate 110 so as to align the first substrate 110 and
the second substrate 120, but the present invention is
not limited thereto. For example, the sealing unit 140 may
be formed on the first substrate 110, on which the organic
light emitting unit 130 is formed, and may be aligned with
and adhered to the second substrate 120.
[0074] Although one organic light emitting unit 130 is
illustrated in FIGS. 1 and 2, a plurality of the organic light
emitting units 130 and a plurality of the sealing units 140
which surround the plurality of organic light emitting units
130 may also be disposed between the first substrate
110 and the second substrate 120.
[0075] The laser beam irradiation apparatus 150 irra-
diates the laser beam, in the form of a spot beam having
a beam profile according to the current embodiment of
the present invention, onto the sealing unit 140 which is

disposed between the first substrate 110 and the second
substrate 120. This beam irradiation will be described in
detail later.
[0076] Although not shown in detail in FIGS. 1 and 2,
the laser beam irradiation apparatus 150 may include a
laser oscillator (not shown) which generates a laser, a
beam homogenizer (not shown), and a scanner (not
shown).
[0077] The laser oscillator may be a bundle type multi
core source, which is a high output laser source typically
used for laser sealing.
[0078] When using the bundle type multi-core source,
the output of each of cores may vary, and thus the above
non-uniform outputs may be solved by using the beam
homogenizer (not shown).
[0079] The scanner (not shown) may include a reflect-
ing unit (not shown) which reflects a laser beam which
is irradiated from the laser oscillator so as to irradiate the
laser beam onto the sealing unit 140, a driving unit (not
shown) which drives the reflecting unit, and a lens unit
(not shown) which collects the reflected laser beam.
[0080] The laser beam 160 which is transmitted
through the lens unit (not shown) is irradiated onto the
sealing unit 140 in the form of a spot beam having a beam
profile according to an embodiment of the present inven-
tion. The lens unit (not shown) may be disposed in the
scanner or under the scanner so as to be oriented toward
the sealing unit 140.
[0081] Although not shown in FIGS. 1 and 2, when a
width LW of the laser beam 160 irradiated from the laser
irradiation apparatus 150 is greater than a width FW of
the sealing unit 140, a laser mask (not shown) is disposed
between the laser beam irradiation apparatus 150 and
the second substrate 120 so as to adjust the width LW
of the laser beam 160 irradiated onto the width FW of the
sealing unit 140.
[0082] FIG. 3 illustrates a Gaussian beam profile ac-
cording to a first comparative example for comparison
with a beam profile which is irradiated from a laser beam
irradiation apparatus according to an embodiment of the
present invention, while FIG. 4 illustrates a temperature
distribution according to a cross-section of a frit when the
Gaussian beam profile of FIG. 3 is irradiated onto the frit
of an organic light emitting display device.
[0083] Referring to FIG. 3, a beam intensity (I) of the
Gaussian beam profile G having a Gaussian distribution
per unit surface increases toward a center portion of a
beam, and the Gaussian beam profile G has an axis-
symmetrical distribution.
[0084] In the graph of FIG. 3, x and y on the plane refer
to horizontal and vertical dimensions, respectively, of a
beam profile and, even when a portion of the Gaussian
beam profile (G) around a central axis is cut using a laser
mask, there is still a difference of about 15% or more
between a center portion of the Gaussian beam profile
and a peripheral portion thereof which is cut using the
laser mask.
[0085] When irradiating a laser beam, which has a dif-
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ference in beam intensity between the center portion and
the peripheral portion of the beam profile onto a frit which
constitutes the sealing unit 140, there is a temperature
difference of 45% or more between a center portion of
the frit (at 0 on the horizontal axis) and an edge portion
of the frit (at 6FW/2 on the horizontal axis) as illustrated
in FIG. 4, and there is a temperature difference of 34%
maximum between the center portion and the edge por-
tion of the frit within an effective sealing width FWeff
which corresponds to 80% of a total sealing width FW.
[0086] A laser output needs to be increased to maintain
the edge portion of the frit at a transition temperature (Tg)
of the frit, that is, at 430°C or higher and, in this case, a
temperature of the center portion of the frit which is sealed
by the center portion of the Gaussian beam profile in-
creases to about 650°C or higher, and thus excessive
heat is generated, and thus the frit reaches an over-weld-
ing state.
[0087] Then, small voids which exist on the center por-
tion of the frit to which excessive energy is irradiated ex-
pand beyond the edge portion of the frit, and the expand-
ed small voids are rapidly cooled again, leaving marks
which appear to be boiling bubbles. These bubble marks
significantly decrease the adhesive force of the organic
light emitting display device.
[0088] Residual stress is determined by a heat expan-
sion rate and a difference in the temperature of the frit
between the center portion and the edge portion of the
frit, temperatures of which are reduced, and since the
center portion of the frit, which is heated to a higher tem-
perature than the edge portion of the frit, is cooled later
than the edge portion of the frit, tensile stress of the center
portion of the frit is increased, and thus cracks may be
generated in the frit when an impact from the outside
occurs.
[0089] In order to solve this problem, irradiation of a
laser beam having a profile with a uniform beam intensity
onto the frit may be considered.
[0090] FIG. 5 illustrates a flat top beam profile, which
is a second comparative example for comparison with a
beam profile which is irradiated from a laser beam irra-
diation apparatus according to an embodiment of the
present invention, and FIG. 6 illustrates normalization of
temperature distribution in a cross-section of a frit within
an effective sealing width FWeff when the flat top beam
profile of FIG. 5 and the Gaussian beam profile of FIG.
3 are irradiated onto the frit of the organic light emitting
display device.
[0091] Referring to FIG. 5, a laser beam profile F hav-
ing a flat top distribution has a brick-shaped distribution
in which beam intensities (I) of a center portion of a beam
and a peripheral portion of the beam per unit surface are
uniform.
[0092] A horizontal axis of FIG. 6 denotes a position
of the frit within the effective sealing width FWeff, and a
vertical axis NT denotes normalization of temperature.
Referring to FIG. 5 and FIG. 6, even when the flat top
laser beam F having a uniform beam intensity is irradiated

onto the frit, the temperature uniformity of a cross-section
of the frit is reduced from 34% to 32%, that is, by just
about 2%, which indicates that the temperature uniform-
ity is barely improved.
[0093] This is because heat is more easily dissipated
along the edge portion of the frit than the center portion
of the frit. In order to solve the above problem, the uniform
beam intensity of a laser beam irradiated onto the frit is
not needed but, rather, the temperature distribution in
the cross-section of the frit needs to be adjusted to be
uniform after the laser beam has been irradiated. To this
end, a larger amount of energy needs to be additionally
supplied to the edge portion of the frit than to the center
portion of the frit.
[0094] Hereinafter, laser beam profiles, which may be
used to improve temperature distribution uniformity of a
cross-section of a frit by using a laser beam irradiation
apparatus according to embodiments of the present in-
vention when sealing a substrate of an organic light emit-
ting display device, will be described with reference to
FIGS. 7 thru 34.

[Embodiment 1]

[0095] FIG. 7 is a schematic view illustrating a beam
profile of a laser beam which is irradiated onto a frit of an
organic light emitting display device from a laser beam
irradiation apparatus according to an embodiment of the
present invention, FIG. 8 is a cross-sectional view illus-
trating a surface (yz surface) of the beam profile of FIG.
7 which is perpendicular to a proceeding direction of a
laser beam, FIG. 9 is a cross-sectional view illustrating
a surface (xz surface) of the beam profile of FIG. 7 which
is parallel to a proceeding direction of a laser beam, and
FIG. 10 is a top view of the beam profile of FIG. 7.
[0096] A horizontal axis (x) and a vertical axis (y) de-
note positions of a beam profile with respect to a frit width
(FW), and a height (normalized intensity, NI) denotes nor-
malization of beam intensity.
[0097] Referring to FIGS. 7 thru 10, a laser beam 160
which is irradiated onto frit 140 of the organic light emitting
display apparatus in the laser beam irradiation apparatus
150 according to the current embodiment of the present
invention has a profile in which beam intensity increases
toward an edge portion (E) of a beam. The beam intensity
in a center portion (C) of the beam may preferably be
half of the beam intensity at the edge portion (E) of the
beam or less.
[0098] The profile of the laser beam 160 according to
the current embodiment of the present invention is sym-
metrical with respect to a laser beam proceeding direc-
tion (L) and a direction (H) which is perpendicular to the
laser beam proceeding direction.
[0099] The profile of the laser beam 160 includes a first
section (Ix, Iy) in which a beam intensity slowly increases
from a center portion (C) of the beam toward an edge
portion (E) of the beam, and a second section (IIx, IIy) in
which an increase rate of the beam intensity of the first
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section is greater.
[0100] The profile of the laser beam 160 according to
the current embodiment of the present invention includes
an inflection point (I) which is symmetrical relative to a
center portion (C) of a laser beam at a boundary between
the first section (Ix, Iy) and the second section (IIx, IIy).
[0101] The inflection point (I) may be defined by pa-
rameters α, β, and γ, where α denotes a ratio of greatest
beam intensity with respect to smallest beam intensity.
According to the current embodiment, the smallest beam
intensity is 0.1 in the center portion (C) of the beam, and
the greatest beam intensity is 1.0 at an edge portion (E)
of the laser beam, and thus α becomes 10. β denotes a
ratio of beam intensity at an inflection point with respect
to the smallest beam intensity. According to the current
embodiment, the smallest beam intensity is 0.1 in the
center portion (C) of the beam, and the beam intensity
at the inflection point (I) is 0.2, and thus β becomes 2. γ
denotes a ratio of horizontal distances between the cent-
er portion of the beam and the inflection point (I) with
respect to the total beam width. According to the current
embodiment, the total beam width is 0.6 mm, and a hor-
izontal distance between the center portion of the laser
beam and the inflection point (I) is 0.18 mm, and thus γ
becomes 0.3.
[0102] Referring to FIG. 10, which is a top view of the
beam profile according to the current embodiment, the
laser beam 160 is symmetrical relative to a laser beam
proceeding direction (L) and a direction (H) which is per-
pendicular to the laser beam proceeding direction, and
thus a beam width (BW) is also symmetrical relative to
the laser beam proceeding direction (L) and the direction
(H) which is perpendicular to the laser beam proceeding
direction. Accordingly, the laser beam 160 may be irra-
diated in the form of a spot having a circular cross-sec-
tion.
[0103] The laser beam 160 is irradiated in the form of
a spot beam and may be moved while scanning along a
sealing line of the sealing unit 140. In this regard, a center
line of the laser beam 160 is focused on a center line of
the sealing line, and the laser beam 160 is scanned along
the center line of the sealing line.
[0104] Accordingly, when irradiating the laser beam
160 having a beam profile, the intensity of which increas-
es from the center portion (C) of the beam toward the
edge portion (E) of the beam to the sealing unit 140, a
heat flux, which is an integration value of an intensity of
a laser beam irradiated along the center line of the sealing
line regarding time, is greater at the edge portion of the
sealing unit 140 than at the center portion of the sealing
unit 140. Consequently, greater energy is supplied to the
edge portion of the sealing unit 140 than to the center
portion of the sealing unit 140, and thus the temperature
uniformity of a cross-section of the frit may be increased.
[0105] The sealing unit 140 may be formed of a frit.
[0106] A laser beam width (BW) may be designed to
be substantially the same as a frit width (FW). According
to the current embodiment, the laser beam width (BW)

and the frit width (FW) are both 600 mm. However, the
present invention is not limited thereto. Thus, the beam
width (BW) of the laser beam 160 may be greater than
the frit width (FW). However, when the beam width (BW)
is too large, then, even when the laser beam 160 is
blocked using a laser mask (not shown), energy trans-
mitted to the laser mask is increased, and a wiring unit
around the frit or an organic light emitting unit 130 may
be damaged, and thus the beam width (BW) may pref-
erably be twice the frit width (FW) or less.
[0107] FIG. 11 is a schematic view illustrating a laser
beam profile according to a modified example of the
present invention, while FIG. 12 is a cross-sectional view
of a surface (yz surface) of the beam profile of FIG. 11
which is perpendicular to a laser beam proceeding direc-
tion of FIG. 11.
[0108] The laser beam 161 also has a beam profile
which is symmetrical relative sto a laser beam proceed-
ing direction (L) and a direction (H) which is perpicular
to the laser beam proceeding direction (L), as in the pre-
viously described embodiment. In FIG. 11, only a cross-
sectional view of a surface (yz surface) in which a beam
intensity is perpendicular to the laser beam proceeding
direction (L) is illustrated.
[0109] The laser beam 161 sequentially includes, from
a center portion (C) of the laser beam to an edge portion
(E) of the laser beam, a first section (Ix) in which a beam
intensity is slowly increased, a second section (IIx) in
which a beam intensity increase rate is larger than in the
first section, and a third section (IIIx) in which a beam
intensity rapidly decreases on an outer portion of the sec-
ond section (IIx, IIy).
[0110] The laser beam width (BW) according to the
current embodiment is 800 mm, which is greater than the
frit width (FW) of 600 mm.
[0111] FIG. 13 is a schematic view illustrating a laser
beam profile according to another embodiment of the
present invention, while FIG. 14 is a cross-sectional view
illustrating a surface (yz surface) of the beam profile of
FIG. 13 which is perpendicular to a proceeding direction
of the laser beam.
[0112] The laser beam 162 also has a beam profile
which is symmetrical relative to a laser beam proceeding
direction (L) and a direction (H) which is perpendicular
to the laser beam proceeding direction (L), as in the pre-
viously described embodiment. In FIG. 13, only a cross-
sectional view of a surface (yz surface) in which a beam
intensity is perpendicular to the laser beam proceeding
direction (L) is illustrated.
[0113] The laser beam 162 sequentially includes, from
a center portion (C) of the laser beam to an edge portion
(E) of the laser beam, a first section (Ix) in which a beam
intensity is slowly increased, a second section (IIx) in
which a beam intensity increase rate is larger than in the
first section, and a third section (IIIx) in which a beam
intensity is uniform on an outer portion of the second
section (IIx, Iiy).
[0114] According to the current embodiment, a laser
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beam width (BW) is 800 mm, which is greater than the
frit width (FW) of 600 mm.
[0115] FIG. 15 is a graph of the normalization of tem-
perature distribution along a cross-section of a frit when
a laser beam having the beam profile of FIGS. 7, 11, and
13 is irradiated onto the frit.
[0116] Referring to FIG. 15, in a temperature distribu-
tion (T160) with respect to the laser beam 160 having
the beam profile of FIG. 7, there is a temperature differ-
ence of 30% between a center portion and an edge por-
tion of the frit, and there is a temperature difference of
less than 3% between the center portion and the edge
portion of the frit within an effective sealing width (FWeff).
[0117] In a temperature distribution (T161) with re-
spect to the laser beam 161 having the beam profile of
FIG. 11, there is a temperature difference of 25% be-
tween a center portion and an edge portion of the frit,
and there is a temperature difference of less than 3%
between the center portion and the edge portion of the
frit within an effective sealing width (FWeff).
[0118] In a temperature distribution (T162) having the
beam profile of FIG. 13, there is a temperature difference
of 25% between a center portion and an edge portion of
the frit, and there is a temperature difference of less than
3% between the center portion and the edge portion of
the frit within an effective sealing width (Fweff).
[0119] Regarding the Gaussian beam profiles of FIGS.
3 and 4, there is a temperature difference of 45% or great-
er between the center portion and the edge portion of the
frit, and within an effective sealing width (FWeff), there
is a maximum temperature difference of maximum 34%
between the center portion and the edge portion of the
frit. Also, when a laser beam having the beam profiles
according to the current embodiment and modified ex-
amples are irradiated, the uniformity in the temperature
distribution along the edge portion of the frit is improved.
[0120] FIGS. 16 and 17 illustrate a variation in an area
of an inflection point for maintaining a temperature dif-
ference between a center portion and an edge portion of
a frit so as to be less than 15% within an effective sealing
width (FWeff) according to a variation of α.
[0121] FIG. 16 illustrates an area AREA5 where an in-
flection point (I’) may exist when a laser beam having a
parameter α of 5 is irradiated at a scanning speed of 20
mm/sec, and FIG. 17 illustrates an area AREA10 where
an inflection point (I") may exist when a laser beam having
a parameter α of 10 is irradiated at a scanning speed of
20 mm/sec.
[0122] Referring to FIGS. 16 and 17, when the scan-
ning speeds are the same, the areas of the inflection
points are increased as α increases. Accordingly, as the
areas of the inflection points increase, a selection width
of β and γ are also increased, and thus the freedom de-
gree of selection for parameters of a laser beam for im-
proving temperature uniformity of an edge portion of the
frit is increased.
[0123] Although not shown in FIGS. 16 and 17, when
the scanning speed of the laser beam is increased while

other conditions are the same, the areas for selecting an
inflection point are increased. However, when the beam
scanning speed is 5 mm/sec or less, the frit may be sealed
using an appropriate laser power but the processing ef-
ficiency is decreased due to an increased tag time. On
the other hand, when the beam scanning speed is 50
mm/sec or greater, the intensity of the beam needs to be
increased to obtain an appropriate temperature at which
the frit melts compared to when the beam scanning speed
is 5 mm/sec, and also, a possibility that microcracks are
generated due to thermal shock which is generated as
the frit melts and then is solidified due to the high speed
of the beam increasing. Considering this, the scanning
speed of the beam may preferably be higher than 5
mm/sec and lower than 50 mm/sec.

[Embodiment 2]

[0124] FIG. 18 is a schematic view illustrating a beam
profile of a laser beam which is irradiated onto a frit of an
organic light emitting display device in a laser beam ir-
radiation apparatus according to another embodiment of
the present invention, FIG. 19 is a cross-sectional view
illustrating a surface (yz surface) of the beam profile of
FIG. 18 which is perpendicular to a proceeding direction
of a laser beam, FIG. 20 is a cross-sectional view illus-
trating a surface (xz surface) of the beam profile of FIG.
18 which is perpendicular to a proceeding direction of a
laser beam, and FIG. 21 is a top view of the beam profile
of FIG. 18.
[0125] A horizontal axis (x) and a vertical axis (y) de-
note positions of a beam profile regarding a frit width
(FW), and a height (normalized intensity, NI) denotes nor-
malization of beam intensity.
[0126] Referring to FIGS. 18 thru 21, a laser beam 260
irradiated from a laser beam irradiation apparatus 150
according to the current embodiment of the present in-
vention onto frit 140 of an organic light emitting display
device has a beam profile having a beam intensity which
increases from a center portion (C) to an edge portion
(E) of a beam on a surface (yz surface) which is perpen-
dicular to a laser beam proceeding direction. The beam
intensity in the center portion (C) of the laser beam may
preferably be half of the beam intensity of the edge por-
tion (E) of the laser beam or less.
[0127] The beam profile of the laser beam 260 accord-
ing to the current embodiment of the present invention
is symmetrical on the surface (yz surface) which is per-
pendicular to the laser beam proceeding direction (L),
and the beam intensity increases toward the edge portion
(E) of the laser beam.
[0128] However, the beam intensity of the laser beam
260 according to the current embodiment of the present
invention is uniform on a surface (xz surface) which is
parallel to the laser beam proceeding direction. That is,
while the laser beam 160 of the previous embodiment is
symmetrical relative to the center portion of the laser
beam, the laser beam 260 according to the current em-
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bodiment is symmetrical relative to the laser beam pro-
ceeding direction (L).
[0129] Referring to FIG. 19, the beam profile of the
laser beam 260 according to the current embodiment in-
cludes a first section (Ix) in which a beam intensity slowly
increases from a center portion (C) of the beam toward
an edge portion (E) of the beam, and a second section
(IIx) in which an increase rate of the beam intensity of
the first section (Ix) is greater than in the first section.
[0130] The profile of the laser beam 260 according to
the current embodiment of the present invention includes
an inflection point (I) which is determined at a boundary
between the first section (Ix) and the second section (IIx),
and is parallel and symmetrical to the laser beam pro-
ceeding direction (L). However, since the beam intensity
is uniform on a surface (xz surface) which is parallel to
the laser beam proceeding direction (L), the inflection
point (I) does not exist on the surface (xz surface) which
is parallel to the laser beam proceeding direction (L).
[0131] The inflection point (I) may be defined as pa-
rameters α, β, and γ, where α denotes a ratio of greatest
beam intensity with respect to smallest beam intensity.
According to the current embodiment, the smallest beam
intensity is 0.1 in the center portion (C) of the beam, and
the greatest beam intensity is 1.0 at an edge portion (E)
of the laser beam, and thus α becomes 5. β denotes a
ratio of beam intensity at an inflection point with respect
to the smallest beam intensity. According to the current
embodiment, the smallest beam intensity is 0.2 in the
center portion (C) of the beam, and the beam intensity
at the inflection point (I) is 0.4, and thus β becomes 2. γ
denotes a ratio of horizontal distances between the cent-
er portion of the beam and the inflection point (I) with
respect to the total beam width. According to the current
embodiment, the total beam width is 0.6 mm, and a hor-
izontal distance between the center portion of the laser
beam and the inflection point (I) is 0.18 mm, and thus γ
becomes 0.3.
[0132] Referring to FIG. 10, which is a top view of the
beam profile according to the current embodiment of the
present invention, the laser beam 260 according to the
current embodiment has a beam profile which is sym-
metrical relative to a laser beam proceeding direction (L).
The laser beam 260 may be irradiated in the form of a
rectangle which has a longer beam length (BL) than a
beam width (BW). According to the current embodiment,
the beam length (BL) is 2 mm, but may also be varied.
[0133] The laser beam 260 may be irradiated in the
form of a rectangular line beam and be directly scanned
along a sealing line of the sealing unit 140. Here, a center
line of the laser beam 260 is focused on a center line of
a sealing line, and then the laser beam 260 is scanned
along the center line of the sealing line.
[0134] Accordingly, when irradiating the laser beam
160 having a beam profile, the intensity of which increas-
es from the center portion (C) of the beam toward the
edge portion (E) of the beam to the sealing unit 140, a
heat flux, which is an integration value of an intensity of

a laser beam irradiated along the center line of the sealing
line regarding time, is greater at the edge portion of the
sealing unit 140 than at the center portion of the sealing
unit 140. Consequently, greater energy is supplied to the
edge portion of the sealing unit 140 than to the center
portion of the sealing unit 140 and thus the temperature
uniformity of a cross-section of the frit may be increased.
[0135] The sealing unit 140 may be formed of a frit.
[0136] A laser beam width (BW) may be designed to
be substantially the same as a frit width (FW). According
to the current embodiment, the laser beam width (BW)
and the frit width (FW) are both 600 mm. However, the
present invention is not limited thereto. Thus, the beam
width (BW) of the laser beam 160 may be greater than
the frit width (FW). However, when the beam width (BW)
is too large, then, even when the laser beam 160 is
blocked using a laser mask (not shown), energy trans-
mitted to the laser mask is increased, and a wiring unit
around the frit or an organic light emitting unit 130 may
be damaged, and thus the beam width (BW) may pref-
erably be twice the frit width (FW) or less.
[0137] FIG. 22 is a graph showing the normalization of
a temperature distribution along a cross-section of a frit
when a laser beam having the beam profile of FIG. 18 is
irradiated onto the frit while varying a beam length of the
laser beam.
[0138] Referring to FIG. 22, in a temperature distribu-
tion (T_0.3 mm) with respect to a laser beam having a
beam length of 0.3 mm, there is a temperature difference
of 30% between a center portion and an edge portion of
the frit, and a temperature drop of about 19% is generated
in the center portion of the frit.
[0139] In a temperature distribution (T_1 mm) with re-
spect to a laser beam having a beam length of 1 mm,
there is a temperature difference of 25% between a cent-
er portion and an edge portion of the frit, and there is a
temperature drop of about 6% in the center portion of the
frit.
[0140] In a temperature distribution (T_2 mm) regard-
ing a laser beam having a beam length of 2 mm, there
is a temperature difference of 20% between a center por-
tion and an edge portion of the frit, and there is a tem-
perature difference of less than 3% between the center
portion and the edge portion of the frit.
[0141] In a temperature distribution (T_4) regarding a
laser beam having a beam length of 4 mm, there is a
temperature difference of 2% between a center portion
and an edge portion of the frit, and within an effective
sealing width (FWeff), there is a temperature difference
of less than 2% between the center portion and the edge
portion of the frit.
[0142] Regarding the Gaussian beam profiles of FIGS.
3 and 4, there is a temperature difference of 45% or great-
er between the center portion and the edge portion of the
frit, and within an effective sealing width (FWeff), there
is a maximum temperature difference of 34% between
the center portion and the edge portion of the frit. Also,
when a laser beam having the beam profiles according

17 18 



EP 3 085 488 A1

11

5

10

15

20

25

30

35

40

45

50

55

to the current embodiment and modified examples is ir-
radiated, the uniformity in the temperature distribution
along the edge portion of the frit is improved.
[0143] FIG. 23 illustrates an area in which an inflection
point may exist for maintaining a temperature difference
between a center portion and an edge portion of a frit so
as to be less than 15% within an effective sealing width
Fweff.
[0144] FIG. 23 illustrates an area AREA4 where an in-
flection point (I’) of a laser beam may exist when the laser
beam having a parameter α of 4 is irradiated onto the frit.
By selecting a point within the area AREA4, appropriate
β and γ may be determined.
[0145] Although not shown in FIG. 23, when the scan-
ning speed of the laser beam is increased while other
conditions are the same, the area AREA4 for selecting
an inflection point is increased. However, when the beam
scanning speed is 5 mm/sec or less, the frit may be sealed
using an appropriate laser power but the processing ef-
ficiency is decreased due to an increased tag time. On
the other hand, when the beam scanning speed is 50
mm/sec or greater, an accumulative heat flux of the beam
intensity increases with time, thereby increasing the tem-
perature of the frit. Considering this, the scanning speed
of the beam may preferably be higher than 5 mm/sec and
lower than 50 mm/sec.

[Embodiment 3]

[0146] FIG. 24 is a schematic view illustrating a beam
profile of a laser beam which is irradiated onto a frit of an
organic light emitting display device in a laser beam ir-
radiation apparatus according to another embodiment of
the present invention, FIG. 25 is a cross-sectional view
of a surface (yz surface) of the beam profile of FIG. 24
which is perpendicular to a proceeding direction of the
laser beam, FIG. 26 is a cross-sectional view of a surface
(xz surface) of the beam profile of FIG. 24 which is parallel
to a proceeding direction of the laser beam, and FIG. 27
is a top view illustrating the beam profile of FIG. 24.
[0147] A horizontal axis (x) and a vertical axis (y) de-
note positions of a beam profile with respect to a frit width
(FW), and a height (normalized intensity, NI) is a normal-
ized value of beam intensity.
[0148] Referring to FIGS. 24 thru 27, a laser beam 360
irradiated onto frit 140 of an organic light emitting display
device from a laser beam irradiation apparatus 150 ac-
cording to the current embodiment of the present inven-
tion has a profile, the beam intensity of which increases
from a center portion (C) to an edge portion (E1) of the
beam on a surface (yz surface) which is perpendicular
to a laser beam proceeding direction. The beam intensity
at the center portion (C) of the beam may preferably be
half of the beam intensity at the edge portion (E1) of the
beam or less.
[0149] However, the laser beam 360 according to the
current embodiment of the present invention has a dif-
ferent beam intensity increase rate on the surface (xz

surface) which is parallel to the laser beam proceeding
direction from on the surface (yz surface) which is per-
pendicular to the laser beam proceeding direction.
[0150] Referring to FIG. 26, the laser beam 360 ac-
cording to the current embodiment of the present inven-
tion has a profile whose beam intensity is reduced from
the center portion (C) to an edge portion (E2) of the beam
on the surface (xz surface) which is parallel to the laser
beam proceeding direction of the laser beam.
[0151] The laser beam 360 has different beam intensity
increase rates on the surface (xz surface) which is par-
allel to the laser beam proceeding direction, and on the
surface (yz surface) which is perpendicular to the laser
beam proceeding direction, but has symmetrical beam
profiles with respect to the center portion (C) of the laser
beam.
[0152] The laser beam 360 may be defined by param-
eters α and δ, where α denotes a ratio of greatest beam
intensity with respect to smallest beam intensity on the
surface (yz surface) which is perpendicular to the laser
beam proceeding direction. Referring to FIG. 25, the
smallest beam intensity on the surface (yz surface) which
is perpendicular to the laser beam proceeding direction
is 0.5 at the center portion (C) of the laser beam, and the
greatest beam intensity at the edge portion (E1) of the
laser beam is 1.0, and thus α becomes 2.
[0153] δ denotes a beam intensity at the edge portion
of the laser beam on the surface (xz surface) which is
parallel to the laser beam proceeding direction. Referring
to FIG. 27, the beam intensity at the edge portion (E2)
of the beam is 0.3 on the surface (xz surface) which is
parallel to the laser beam proceeding direction, and thus
δ is 0.3.
[0154] Referring to FIG. 27 illustrating a top view of the
beam profile according to the current embodiment, the
laser beam 360 has a beam profile which is symmetrical
relative to a laser beam proceeding direction (L) and a
direction (H) which is perpendicular to the laser beam
proceeding direction, and thus a beam width (BW) is also
symmetrical relative to the laser beam proceeding direc-
tion (L) and the direction (H) which is perpendicular to
the laser beam proceeding direction, and thus the laser
beam 360 may be irradiated in the form of a circular spot.
[0155] The laser beam 360 may be irradiated in the
form of a rectangular line beam and directly scanned
along a sealing line of the sealing unit 140. In this regard,
a center line of the laser beam 360 is focused on a center
line of a sealing line, and then the laser beam 360 is
scanned along the center line of the sealing line.
[0156] Accordingly, when irradiating the laser beam
160 which has a beam profile, the beam intensity of which
increases from the center portion (C) of the beam toward
the edge portion (E) of the beam, to the sealing unit 140,
a heat flux, which is an integration value of the intensity
of a laser beam irradiated along the center line of the
sealing line over time, is greater at the edge portion of
the sealing unit 140 than at the center portion of the seal-
ing unit 140. Consequently, greater energy is supplied
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to the edge portion of the sealing unit 140 than to the
center portion of the sealing unit 140, and thus the tem-
perature uniformity of a cross-section of the frit may be
increased.
[0157] The sealing unit 140 may be formed of a frit.
[0158] A laser beam width (BW) may be designed to
be substantially the same as a frit width (FW). According
to the current embodiment, the laser beam width (BW)
and the frit width (FW) are both 600 mm. However, the
present invention is not limited thereto. Thus, the beam
width (BW) of the laser beam 160 may be greater than
the frit width (FW). However, when the beam width (BW)
is too large, then, even when the laser beam 160 is
blocked using a laser mask (not shown), energy trans-
mitted to the laser mask is increased, and a wiring unit
around the frit or an organic light emitting unit 130 may
be damaged, and thus the beam width (BW) may pref-
erably be twice the frit width (FW) or less.
[0159] FIG. 28 is a graph showing the normalization of
temperature distribution according to a cross-section of
a frit when a laser beam having the beam profile of FIG.
24 is irradiated onto the frit.
[0160] Referring to FIG. 28, there is a temperature dif-
ference of 40% between a center portion and an edge
portion of the frit in the temperature distribution T360 with
respect to the laser beam 360 having the beam profile
of FIG. 24. However, within an effective sealing width
(FWeff), there is a temperature difference of less than
9% between the center portion and the edge portion of
the frit.
[0161] Regarding the Gaussian beam profiles of FIGS.
3 and 4, there is a temperature difference of 45% or great-
er between the center portion and the edge portion of the
frit, and within an effective sealing width (FWeff), there
is a maximum temperature difference of 34% between
the center portion and the edge portion of the frit. Also,
when a laser beam having the beam profiles according
to the current embodiment and modified examples is ir-
radiated, the uniformity in the temperature distribution
along the edge portion of the frit is improved.
[0162] FIG. 29 is a graph showing areas where the
shape of the beam profile varies according to a relation-
ship between α and 1/δ.
[0163] Referring to FIG. 29, with respect to a line of δ=
1/α, a lower left area (A) satisfies an inequality of δ< 1/α,
and an upper right area (B) satisfies an inequality of δ >
1/α.
[0164] FIG. 30 is a graph illustrating an example sat-
isfying the inequality of δ < 1/α, and FIG. 31 is a graph
illustrating an example satisfying the inequality of δ > 1/α.
[0165] Referring to FIG. 30, α=2 and δ=0.25, and thus
the inequality δ < 1/α is satisfied. The laser beam 360
illustrated in FIGS. 24 thru 27 satisfies the inequality of
δ < 1/α.
[0166] As described above, the laser beam which sat-
isfies the inequality of δ < 1/α has a beam profile having
a beam intensity which increases from the center portion
(C) to the edge portion (E1) of the beam on the surface

(yz surface) which is perpendicular to the laser beam
proceeding direction, and a beam profile having a beam
intensity which decreases from the center portion (C) to
the edge portion (E1) of the beam on the surface (xz
surface) which is parallel to the laser beam proceeding
direction.
[0167] Referring to FIG. 31, α=2 and δ=0.75, and thus
the inequality δ > 1/α is satisfied. A laser beam which
satisfies the inequality of δ > 1/α has a beam profile hav-
ing a beam intensity which increases from a center por-
tion (C’) of the beam to an edge portion (E1’) of the beam,
and a beam profile having a beam intensity which in-
creases from a center portion (C’) of the beam to an edge
portion (E2’) of the beam on the surface (xz surface)
which is parallel to the laser beam proceeding direction.
[0168] That is, like the laser beam 360 illustrated in
FIGS. 24 thru 27 described above, the beam intensity
increase rates of the laser beam according to the current
embodiment of the present invention are different on the
surface (xz surface) which is parallel to the laser beam
proceeding direction and on the surface (yz surface)
which is perpendicular to the laser beam proceeding di-
rection, and the beam intensity increases from the center
portion (C’) to the edge portion (E1’) of the laser beam
on the surface (yz surface) which is perpendicular to the
laser beam proceeding direction, and is similar to the
laser beam 360 with regard to the beam profile which is
symmetrical relative to the center portion (C’) of the laser
beam.
[0169] However, the laser beam 360 illustrated in
FIGS. 24 thru 27 described above has a beam profile
having a beam intensity which decreases from the center
portion (C) to the edge portion (E2) of the beam on the
surface (xz surface) which is parallel to the laser beam
proceeding direction. On the other hand, when the ine-
quality of δ > 1/α is satisfied, the laser beam has a beam
profile having a beam intensity which increases from the
center portion (C’) to the edge portion (E2’) of the beam
on the surface (xz surface) which is parallel to the laser
beam proceeding direction.
[0170] FIGS. 32 thru 34 illustrate areas of an inflection
point for maintaining a temperature difference between
a center portion and an edge portion of a frit so as to be
less than 15% within effective sealing widths of a laser
beam that satisfies a relationship of δ< 1/α and a laser
beam which satisfies a relationship of δ< 1/α according
to various scanning speeds of the laser beam.
[0171] FIG. 32 illustrates an area AREA_5 where an
inflection point of a laser beam may exist for maintaining
a temperature difference of less than 15% between a
center portion and an edge portion of a frit within an ef-
fective sealing width when a laser beam is irradiated onto
the frit at a scanning speed of 5 mm/sec.
[0172] FIG. 33 illustrates an area AREA_20 where an
inflection point of a laser beam may exist for maintaining
a temperature difference of less than 15% between a
center portion and an edge portion of a frit within an ef-
fective sealing width when a laser beam is irradiated onto
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the frit at a scanning speed of 20 mm/sec.
[0173] FIG. 34 illustrates an area AREA_50 where an
inflection point of a laser beam may exist for maintaining
a temperature difference of less than 15% between a
center portion and an edge portion of a frit within an ef-
fective sealing width when a laser beam is irradiated onto
the frit at a scanning speed of 50 mm/sec.
[0174] Referring to FIGS. 32 thru 34, both the laser
beam which satisfies the inequality of δ < 1/α and the
laser beam which satisfies the inequality of δ > 1/α have
an area in which an inflection point of the laser beam may
exist, which may maintain a temperature difference be-
tween a center portion and an edge portion of the frit
within an effective sealing width to be less than 15% and
which increases as the scanning speed is reduced. Ac-
cordingly, a selection width for α and δ increases as the
area for the inflection point increases, and thus the free-
dom degree of selecting a parameter of the laser beam
for improving the temperature uniformity of the edge por-
tion of the frit is also increased.
[0175] However, when the beam scanning speed is
less than 5 mm/sec, the process efficiency is decreased
due to the increased tag time, and when the beam scan-
ning speed is over 50 mm/sec, an accumulative heat flux
of the beam intensity with time is increased, thereby in-
creasing the temperature of the frit. Considering this, the
beam scanning speed may preferably be higher than 5
mm/sec and lower than 50 mm/sec.
[0176] The sealing unit 140 according to embodiments
of the present invention is formed using a frit, but is not
limited thereto. The sealing unit 140 may also be formed
using various other materials, which are obvious to one
of ordinary skill in the art.
[0177] Furthermore, the method of sealing an organic
light emitting display device by using a laser beam irra-
diation apparatus has been described with reference to
embodiments of the present invention, but is not limited
thereto. That is, as long as a sealing pattern, such as a
frit, is included between two substrates and the sub-
strates are sealed by irradiating a laser beam onto the
sealing pattern, the method may be used in various de-
vices regardless of the type of display devices.
[0178] By irradiating a laser beam, including a beam
profile according to an embodiment of the present inven-
tion, onto a sealing unit of an organic light emitting display
device, temperature distribution uniformity of an edge
portion of the sealing unit may be improved, thereby im-
proving adhesive force of the sealing unit of the organic
light emitting display device.
[0179] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
detail may be made therein without departing from the
scope of the present invention as defined by the following
claims.

Claims

1. A laser beam irradiation apparatus (150) for irradi-
ating a laser beam (260) onto a sealing unit (140)
disposed between a first substrate (110) and a sec-
ond substrate (120) so as to seal the first substrate
and the second substrate, wherein the laser beam
has a beam intensity which increases from a center
portion to an edge portion of the laser beam on a
surface which is perpendicular to a proceeding di-
rection (L) of the laser beam and on a surface which
is parallel to the proceeding direction of the laser
beam, and the beam intensity at the center portion
of the laser beam is no greater than half of the beam
intensity at the edge portion of the laser beam, and
the laser beam has a beam profile which is symmet-
rical relative to the proceeding direction (L) of the
laser beam and which is symmetrical relative to a
direction (H) which is perpendicular to the proceed-
ing direction (L) of the laser beam, wherein the laser
beam sequentially includes a first section in which a
beam intensity slowly increases from the center por-
tion to the edge portion of the laser beam and a sec-
ond section having a greater beam intensity increase
rate than the first section, wherein an inflection point
(I) on a boundary between the first section and the
second section is symmetrically distributed with re-
spect to the center portion of the laser beam.

2. A laser beam irradiation apparatus of claim 1, where-
in the laser beam further includes a third section in
which a beam intensity rapidly decreases, the third
section being disposed on an outer portion of the
second section.

3. A laser beam irradiation apparatus according to
claim 1, wherein the laser beam further includes a
third section in which a beam intensity is uniform,
the third section being disposed on an outer portion
of the second section.

4. A laser beam irradiation apparatus according to any
preceding claim, wherein the laser beam is irradiated
in the form of a spot beam.

5. A method of sealing a first substrate (110) and a
second substrate (120) by irradiating a laser beam
(260) onto a sealing unit (140) disposed between the
first substrate and the second substrate using a laser
beam apparatus (150) according to any preceding
claim, the method comprising the steps of:

forming the sealing unit (140) between the first
substrate (110) and the second substrate (120);
and
irradiating the laser beam (260) along a sealing
line of the sealing unit.
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6. A method according to claim 5, wherein a center por-
tion of the laser beam is focused on a center line of
the sealing line, and the laser beam is scanned along
the center line of the sealing line.

7. A method according to claim 5 or 6, wherein a beam
width (BW) of the laser beam is greater than a width
of the sealing unit (140).

8. A method according to claim 7, wherein the beam
width (BW) of the laser beam is 4/3 to 2 times the
width of the sealing unit.

9. A method according to claim 5 or 6, wherein a beam
width (BW) of the laser beam is substantially the
same as a width of the sealing unit (140).

10. A method according to claim 5, wherein a heat flux,
which is an integration value of the beam intensity
of the laser beam which is scanned and irradiated
along a center line of the sealing line, with respect
to time, is greater at an edge portion of the sealing
unit (140) than at a center portion of the sealing unit.

11. A method according to one of claims 5 to 10, wherein
the sealing unit (140) comprises a frit.

12. A method according to claim 11, wherein the frit
forms a closed loop so as to surround the organic
light emitting unit.

13. A method according to claim 12, wherein each edge
of the closed loop is a curve having a predetermined
curvature.

14. A method according to claim 12, wherein each edge
of the closed loop is right-angled.

15. A method of manufacturing an organic light emitting
display device, the method comprising the steps of:

forming an organic light emitting unit (130) be-
tween a first substrate (110) and a second sub-
strate (120);
forming a sealing unit (140) between the first
and second substrates so as to surround the
organic light emitting unit (130);
aligning the first substrate and the second sub-
strate; and
sealing the first substrate and the second sub-
strate using a method according to one of Claims
5 to 14.

16. A method according to claim 15, wherein the organic
light emitting unit (130) includes at least one organic
light emitting device in which at least one organic
layer, including an emission layer, is interposed be-
tween a first electrode and a second electrode.
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